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What is X-ray Server?

X-ray Server is a public project that | launched in 1997 with the goals to
provide scientific community with a wider access to personal research
results, establish scientific collaborations, and refine X-ray scattering
models and scientific software.

The Server provides Web-based access to a number of programs
implementing author's models in the field of X-ray diffraction and
scattering. Thus, the project is a combination of physics and
programming with physics being a lead and software being a tool.

The software operates directly on the Server available for use without
downloading. At present seven programs are accessible that have
been used more than 120,000 times by more that 5,500 colleagues
worldwide.

Currently at:  http://sergey.gmca.aps.anl.gov

Formerly at: http://sergey.bio.aps.anl.gov
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Software available through X-ray Server

This site has been online since 1997 and has served 122,102 x-ray jobs

X0h interpolates dielectric susceptibilities x, and x, for some crystals and other 58,245
materials in wide range of x-ray wavelengths with the option to compare data from jobs
different databases.

X0h-search is a tool to search for Bragg planes under various conditions.

GID_SL on the Web calculates x-ray diffraction curves of strained crystals and 31,534
multilayers for any Bragg-case diffraction with scans around arbitrary axis. It replaces jobs
Takagi-Taupin equations for extremely asymmetric and grazing incidence diffraction.

TER SL on the Web TER SL on the Web calculates x-ray specular reflection and standing waves from 12,438
- e i multilayers with interface roughness and transition layers. It uses a new recursive jobs
X-ray specular reflection from multilayers ) ) :
el | algorithm converging faster than the recursions by Parratt.

TRDS SL on the Web calculates x-ray diffuse scattering from interface roughness. It 9,811
implements several different models of roughness and can simulate effects of skew jobs
roughness transfer, dependence of interface-interface roughness correlations on
lateral size of roughness and x-ray scattering from atomic steps.

: MAG SL on the Web calculates x-ray resonant specular reflection from magnetic 8,749
i : multilayers with interface roughness and transition layers. It can also supply jobs

X-ray resonant specular reflection . . . . .
n magnetic Wers wavefields for calculations of diffuse scattering from magnetic roughness.

BRL on the Web BRL on the Web applies a novel algorithm to calculate multiple Bragg diffraction of x- 1,325
: - 4 rays including the cases of x-ray waves grazing along the crystal surface and Bragg jobs
WSCI TR EIETED M (I | angles at 90 degr.

Based on ~17 research papers
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—‘ Background algorithm

XO0h calculates material susceptibilities y, and y,, for x-ray wavelength range by interpolating
data tabulated in the International Tables for X-ray Crystallography and several other tables.

The highlight of X0h is the way it interpolates the dispersion corrections dff and df* [1]. The
dispersion corrections are calculated with the formulae given by Don Cromer [Acta Crystallogr.
vol.18 (1965) p.17-23]:

NS
df'= ngP(XkaNk)
k=1

NS
df'=0.5n> g (N, -1/ X7
k=1
First, XOh applies the above equations to known tabulated dispersion corrections and evaluates
oscillator strengths g,. Then, it uses calculated g, to find the dispersion corrections of interest.

Once the y, and y,, are found, X0h can fulfill a lot of useful service tasks like evaluating the
HWFM of Bragg peaks, searching for Bragg reflections that satisfy certain conditions, and efc.

Originally developed for the studies of parametric X-ray radiation by relativistic electrons, now
XO0h is primarily used for synchrotron radiation and automatically called by all other server
programs.

[1] O.M.Lugovskaya & S.A.Stepanov, (1991) Sov. Phys. Crystallogr. 36, 478-471.
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Web input form
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Background algorithm

GID_sl (Grazing Incidence Diffraction from Superlattices)
was originally developed for GID (Fig.1a) from multilayers,
but then extended to arbitrary Bragg case including
coplanar (Fig.1b) and non coplanar asymmetric diffraction
(Fig.1c).

The program can calculate Bragg diffraction from imperfect
crystals with given profiles of normal lattice strains da(z)/a,
dielectric susceptibilities x,(z), x,(z), and interface
roughness height o(z).

The advantage of GID_sl over most of other Bragg
diffraction simulation software is that it takes into account
specular reflection and refraction of X-rays at crystal
surface and interfaces in multilayers.

Replaces Takagi-Taupin equations for Grazing Incidence
Diffraction!

S.A.Stepanov, E.A.Kondrashkina, R.Koehler, D.V.Novikov,
G.Materlik, and S.M.Durbin,

Phys. Rev. B, v.57, No 8, p. 4829-4841, (1998).

A
/ Ko Dg (O
[

[ T T T T T T e[ TTTTTT]

Bragg planes

=

Grazing incidence diffraction
(non-coplanar symmetric Laue diffraction)

N/
K, (b)

ol N o
/ \

(o' Do

L A

N\ Bragg planes PO
Extremely asymmetric diffraction
(grazing-incidence case)

K,
m\ ok ()

ko Y05 — O

(L[] ] AN

[ [ [ [ ][]}

Bragg planes @

Grazing Bragg-Laue diffraction
(non-coplanar asymmetric diffraction)

Argonne3

NATIONAL LABORATORY

UNI-CAT Presentation, March 23, 2006




Web input form

& Wavelength() ¢ C Energytke) € Line<|Curkal =] P ion| Sigma |7
[5]. Surface orientation & condition of symmetric Bragy case | g
pleneqisp: [t [0 [0 [ I O . aeqr =]
l-z000. [8[+2000. [ occ. Sl SHARRRMES 01 | NEDRRARN civcrce angle B

period=20

=100 code=Gals =igma=:2

=70 code=AlAls =igwa=:z dasa=sa
end period

Argonn e° UNI-CAT Presentation, March 23, 2006

NATIONAL LABORATORY



Example web results

psu.edu infn.it aist.go.jp
;InP (100), E=8keV Si (100), E=8keV 1 GaAs (100), E=8keV
, 1Symmetric Bragg diffraction, hki=400 1 ] Symmetric Bragg diffraction . hkl=400 J Coplanar EAD , hkl=311
150 x (40A AlAs/InAs + 40A GaAs/InAs, 6=2A) 320 x (5A Ge + 20A Si, G=2A) 1 1x(ZnS, t=1000A)
14
0.1+ 014 i
i 3 01 4
001 4 001 - ] |
3 0.01 4 I
z . z \
2 ..l AlAs/InAs/GgAs sl Si/Ge g ] /
¢ 1E4 - 1E-4 2 E 1E-47/r |
E (\ N
] Vv
155 1 s ] 1E5 7‘( WW V% /\NV ”\,\/\/\
] 166 W‘m\ .
1E-6 - 186 5 VJ\(\/WW\ \
] 1E-7 4 | \J \(\ﬂ
1E-7 o 1E-7 —: "
T T T T T E T T T T 1E-8 T T T T T T T
30.5 31.0 31.5 32.0 325 33.0 34.0 34.2 344 34.6 34.8 35.0 35.2 0.0 0.5 1.0 1.5 20 25 3.0 3.5 4.0
Incidence Angle [degr] Incidence Angle [degr] Incidence Angle [degr.]
o siu.edu . rice.edu snu.ac.kr
Cu (100), E=8keV ] GaAs (100), E=8 keV ZnTe, 4 ° off (111), E=8keV
o5 GID , hki=022 014 GID , hki=022 Symmetric  Bragg-Laue diffraction,
61 3 20 x(70AAIAs + 100A GaAs, 6=2A) hkl=2-20
14
sl )m\
M s ] \H |~ GID from AlAs/GaAs I
I ERE |
> \
£ o4 /I GID from Copper W °*9 /)
5 | 1E-4 Ul H ‘ / \
o I ] / \
g [ 165 4 “ I “ ‘ \
| \\ 3 \ 1 ‘\ 0.01 o
02 \ 1E6 “ “ \ ‘
[\ ”‘w | “\ ‘1 | ‘/
[\ : W | |
o1 | \\\ 1E-77: W) ] ‘\‘ ’ 1E-3 -
N ] ‘*‘w
o | T - 1E-8 4
} 10 (’) 1‘0 26 3’0 40 0 é 1’0 115 -160 -5;0 (3 56 160 15‘0

Scan Angle [sec]

Exit Angle [degr]

Scan Angle [sec]
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Background model

TER_ sl (Total External Reflection) software simulates X-ray specular reflection from
multilayers with the account for interface roughness or transition layers using the same
recursion algorithm as in GID_sl.

The advantage of TER_sl over the well know Parratt recursive technique is a faster
convergence of recursions because TER_sl expresses the reflection from a stack of N
layers through the reflectivity of (N-1) layers, while the Parratt technique expresses the
reflectivity of N-th layer via that of the underlying (N-1)-th layer.

By-product of GID_sl:
same recursion algorithm !

S.A.Stepanov, E.A.Kondrashkina, R.Koehler, D.V.Novikov, G.Materlik, and S.M.Durbin,
Phys. Rev. B, v.57, No 8, p. 4829-4841, (1998).
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£ TER_SLon the"w-eb_ T
Web form

Xiray specular re_ﬂ"é.:ctioﬁ from multil ayers.::.:
with rough intetfaces at grazing incidence.

« \Wavelength(A) / ¢ Energy(keV) = |1.540562 c Line=|Cu-kal x| 2 Polarization=|Sigma =

X-rays:
Substrate: = Database code: Gass | 2 | X0h data (5-25keV; 0.5-2.54) |
¢ Chemical formula: | rho=| glem”3
¢ Susceptibility x0 = ( | ) [/ format: x0=(Re(x0), Im{x0}); note: x0=2"clelta /
X0 correction: w0 = |1. / this is used as: x0 = w0 * x0 /
Roughness: sigma = 4. Angstrom OR Transition layer tr = 0. Angstrom
Incidence angle limits: from 0 to |3 |degr. ~| Scan points=[501 e

v Standing waves: Reference interface =[0 (0=surface)
Start offset = 0. Angstrom
End offset =|1000. Angstrom

Number of offsets =101 (max = 401)

 watch progress submit Query | (single click, please!)
Top layer profile (optional): Available codes:
t=20 w0=0.5 sigma=5 lsurface oxide, organic contamination or dust - (use Copy/Paste)
period=20
t=100 code=Gass sigma=4
t=70 code=AlAs sigma=4
end period =]

Submit Query | (same "Submit" action as above; single click, pleasel)

Depth [A

Recently added wavefields calculations for
applications like fluorescence yield analysis,
X-ray standing waves method, GISAXS, and

etc.
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TER_SL onthe Web

X-ray specular reflection from multilayers
with rough interfaces at grazing incidence

Example web results

samsung.co.kr
Quartz, ©=6A,
E=8keV
14
0.1 \
0.01 -
>  1E3 4
E 1E-4
-8 -4
Q
T 1ES 4 \
o
1E-6 o
1E-7
1E-8 \
B9 9 Substrate roughness effect
1E-10 T T T
0 1 2 3
Scan Angle [sec]
uni-muenchen.de
20A oxide + 15 x (20A W + 80A C) + Si,
G =12A,
, E=8keV
0.01 -
2 1E3
=
§ 1E-4 o
©
12 1E-5 o
1E-6 o
1E-7 4
High interface roughness
1E-8 o
destroys peaks
1E-9 T T T

Incidence Angle [degr.]

1

2

aps.anl.gov
10
100 x (10A Mo + 20A Graphite) + Si,
c=3A,
N E=1.5keV
0.1
0.01
1E-3 5
100 period & low energy;
roughness accounted
1E-4 T T T T
0 2 4 6 8
Exit Angle [degr]
iof.fhg.de
5A oxide ( ©=5) +
100 x (11ACr+12A Sc) + Si, =3A, ©
, | E=.28keV
0.1 -

0.01 o \

1E-3 - /\/

'\\/\v‘f\ \/\ VA\/\/\/\

1E-4 Reflectevity at 90

60 65 70 75 80 85
Incidence Angle [degr]

zeus.kharkiv.net

0.1 o

0.01

1E-3 4

1E-4 -

1E-5 §

1E-6 3

1E-7 +

300 x (10A Co + 12A C) + Si, G=2A
E=8keV

300 period;
roughness accounted

1E-8

T T T T T

1 2 3 4 5
Scan Angle [sec]

siemens.de

0.1

0.01

1E-3

1E-4

1E-5

1E-6

1E-7 +

1E-8

1E-9

100A Au [6=7.5A] +
30 x (50A Gd[c=9A] + 30A Co[c=12A]) +
Si[o=4A],

Oxide & cap layers

can be included,

as well as different
roughness of interfaces

T T T T
0.0 0.5 1.0 1.5 20 25 3.0

Exit Angle [degr]
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Background algorithm

The MAG_sl program solves the problem of resonant X-ray reflectivity from magnetic
multilayers. The major application of X-ray resonant magnetic scattering is to probe thin
magnetic films and magnetic multilayers. This is a hot topic related to studying magnetic
heads for computer hard drives. However, since in this case the media susceptibility is a
tensor, the conventional Parratt technique for calculating X-ray specular reflection is not
applicable. The problem is solved in MAG_sl applying a recursive algorithm for (2x2)
scattering matrices similar to that of GID_sl.

circularly
olarized

magnetic field

S.Stepanov and S.Sinha, Phys. Rev. B, 61 (2000) 15302-15311.

D.R.Lee, S.K.Sinha, D.Haskel, Y.Choi, J.C.Lang, S.A.Stepanov, and G.Srajer,
Phys. Rev. B, 68 (2003) 224409-224427 .

Argon neé UNI-CAT Presentation, March 23, 2006

AAAAAAAAAAAAAAAAAA



NS _SEOn e Web

X-raPr resonant specular reflection
from magnetic mvg!%_;ﬁlx_ayers

Web form

X-rays: . Wavelength(A) £ 1o EnergykeV) = J?-Q‘G - Li.ne=l "] O??J

Polarization: |4. Circular - LJ angle to Jigma-plane for Option-3 |0-

Substrate: (= Database code: | Silicon =] @ |xDh data (5-28keV; 0.5-2.54) =l
(" Chemical formula: ,— rho:ji glom™s
C Susceptibility:0=( [ 3 /format:xI=(Re(xD), Im(x)); note: s0=2*delta /
xll cotrection: wi = ,1—‘
Roughness: sigma = |0. Angstrom OR Transition layer tr = ]D- Angstrom
Magnetic atoms * shate 0--11 o density (1/om30: ID-
Magnetic orlentation  E= ]D Y= JD Z= 10

F11=1D.,D. FiT=|0., 0.

fthiz iz used az 20 =wl * 20/

Iagnetic amplitudes F10= ]D-. 0.

Scan (incidence angle or gz): from fo. ta ]4. {dear. 7| mean pojnts=|dDD1

Magnetic model: * generic (may have numeric problems for hard xrays) £ T hard xrays (Ex6ke¥)

I” waich progress Submit Query | psinde click pleasel)
Top layer profile (fepHonal): Available cades
period= (use Copy/Faste)
t= sigma= t= code= tho= x= codel= xi= code3= x8= coded= = wi= e =
mzhate= mdensity= mvector= Fl0= Fll= F1T=
end period Ag
period=15 _1 11203
code=Gd t=50 Fll=(-0.22,9.35) F1lT=(0.37,9.65) mshare=1 wvector=(1 0 0] Alis
code=Fe t=35 L1E
end period 115k
niex]
Am
Ar
A=
e
b
Submit Query | reame "Submit® action as above: singls click, please! °
3 pleasel) E4C :J
Iore details

MAG _sl example: difference between
reflectivity of circular-plus and
circular-minus polarized X-rays at
E=849eV from 47A capped Ni film.
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Background algorithm - |

TRDS_sl (Total Reflection Diffuse Scattering from Superlattices) was developed for the
simulations of X-ray diffuse scattering from interface roughness in multilayers (Fig.1). This
program implement a number of different models for interface roughness and for
correlations between roughness at different interfaces in multilayers (Fig.2). Notable is the
implementation of the model allowing to study wavelength-dependent inheritance of
roughness in layer-by-layer grown multilayers (Fig.3).

o e P N e
'\_/‘ Uncorrelated roughness
| |
MO0 DN | 1 NN~ |
H it il
@ 1 | | | | Il
[
o 3 2 3 Correlated (rep'eated) '
£ 5 roughness
] \/\/\A_,/r
~ AN
Sample rotation angle % | o ' !
Fig.1. Diffuse scattering of grazing 0.00 ‘ S Wavelength-dependent
x-rays from surface roughness. 1: -0.002 0. 0.002 inheritance of roughnes.
specular peak, 2: diffuse scattering q, (A" ) )
for two different lateral scales of Fig.2. Maps of diffuse scattering Fig.3. Different models of
roughness, 3: Yoneda peaks at from vertically uncorrelated (a) roughness correlations in
critical angle for total reflection. and correlated (b) roughness multilayers

V.M.Kaganer, S.A.Stepanov & R.Koehler, (1995) Phys. Rev. B 52, 16369-16372.
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Background algorithm - i

Other notable models implemented in TRDS _sl are the X-ray scattering from atomic steps
on vicinal interfaces and the scattering due to inclined roughness transfer in crystalline
multilayers (Fig.4). Both of those effects provide asymmetry of x-ray diffuse scattering
(Fig.5), but each of different kind.

N

i f
Atomic steps surface

on vicinal VT
i iscu
Inclined interfaces angle T m i
roughness \A o cut
transfer 0 '«1‘\0‘“es
lan . . .
. | Pt expl)erlmenT S|Imulalt|onl

Y N o -
r R a (A
0.140

\/ ' . ]
-0.002 0.000 o 0.000 0.002
Fig.4. Asymmetric rougness of g, (A )
vicinal interfaces and skew Fig.5. Simulations of inclined roughness
roughness transfer in crystals. transfer in AlAs/GaAs superlattice.

E.A.Kondrashkina, S.A.Stepanov, R.Opitz, M.Schmidbauer, R.Koehler, R.Hey,
M.Wassermeier, and D.V.Novikov,

Phys. Rev. B, v.56, No 16, p. 10469-10482, (1997).
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Web form

1.540562 C Line=| Cu-Ka'l Sigma - |
Er XOh data (5-25ke'; 0.5-2.54) -

Argon n e° UNI-CAT Presentation, March 23, 2006

NATIONAL LABORATORY



Example web results

Intensity

uni-duesseldorf.de

0.1 4

0.01 4

1E-3 4

1E-4

1E-5 4

1E-6 o

978A Ag[ o=10A] + Quartz [=6A]
Replicated roughness model:

L=1000A, h=.08

E=15keV

///\\,,/\/w\ «AMV/J\

T T T T T
0.1 0.2 0.3 0.4 0.5 0.6

Incidence Angle [degr]

T
0.7

1E-3

1E-4

iisc.ernet.in

20 x (17A Pt + 29A C) + Quartz, [c=3.3A].
Partial vert. correlation (Ming)
L=150A, h=.5, V=150A,

E=8keV

T T T T
1 2 3 4 5 6

Incidence Angle [degr]

0.01

rigaku.co.jp

1E-3

1E-4

30 x (40A Mo + 50A Si) + Silicon[

Ac (Mo)=5A, (Sis4A.
Frequency-dependent vert. correlation
(Spiller): L=1000, h=1, V=100A,

c=3A],

E=8keV

0.0

T T T
0.5 1.0 1.5 20

Incidence Angle [degr]

Arg
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BRL on the Web

X-ray multiple Bragg/Laue diffraction BaCkg rou nd algorithm
K, AKI BRL (Bragg/Laue) calculates multiple Bragg diffraction
\ patterns with the algorithm based on the extended
/ dynamical diffraction theory.

Typically the calculations of multiple Bragg diffraction are
reduced to the eigenvalue problem for a 2N*2N
scattering matrix. However, when the diffraction

geometry involves grazing X-ray waves, the calculations

are reduced to the eigenvalue problem for 4N*4N
scattering matrix [Colella, Acta Cryst. A30 (1974) 413].

BRL implements an algorithm where the calculations are
reduced to a generalized eigenvalue problem for
2(N+Ns)*2(N+Ns) scattering matrix where Ns is the
number of grazing waves. Thus, if there are no grazing
waves, the matrix size is 2N*2N and if all of the waves
are grazing it becomes 4N*4N. In some cases the
calculations are reduced dramatically.

Kossel lines in case of
multiple Bragg diffraction

S.Stepanov and A.Ulyanenkov, Acta Cryst. A50 (1994) 579-585.
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BRL on the Web

X-ray multiple Bragg/laue diffraction Web form
Target:
Crystal: [Siicon =] @ This is a Step-1 input form where
Surface: Base plane: 1 I I one defines diffraction geometry. It
Miscut direction: |1 EI|C calls an auxiliary program that looks
Miscut angle: 0. |degr 2| for multiple diffraction combinations
Reflections: and generates Step-2 form.
Reflex-1: 1 1 1
Reﬂex 2 :2 :2 :U At Step-2 user can enter scan
ellex--: . g
parameters and include additional
Index search range: |5 'I . .
Min. Intensity flter: i1 reflections if they were found and
(jxh/x0[*100% > ...) then call BRL to perform the
multiple diffraction calculations.
X-rays:
T Wavelength (A): I
T Energy (keV):

I
& Characteristic line: |Cu—Ka'l -| %
¢ Fixed by coplanar case
¢ Fixed by Reflex-3: | | |

Database Options for dispersion corrections df1, df2:

& Use X0h data (5-25 keV or 0.5-2.5 A) —- recommended
 Use Henke data (0.01-30 kKeV or 0.4-1200 A)
 Use Brennan-Cowan data (0.03-700 keV or 0.02-400 A)

Submit | Reset |

ArgOn neé UNI-CAT Presentation, March 23, 2006
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BRL on the Web - Example web results
X-ray multiple Bragg/Laue diffraction

monash.edu.au

Reflex (000) Reflex (8 -22)

Scan angle-1 [zec.] Zcan angle-1 [sec.]

Some maps produced by 10-wave case calculations
(Silicon, A= 0.6968004107A)
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How it works: is it much effort to make software WWW-accessible?

Web browser, HTML form Windows computer
on remote XI-_Ra3t/ ;( elfva e%* on my desk. Seamlessly
computer HTML reSU|tS serves ~50 x-ray

jobs per day 24*7

Xrage: @ Wavelengh(d) / C Boergyei)=|1-590562 | |C LineCua1 5] 9 Polas

O e | N o
g Reectms [t (2P| b e V_
op case =9
) E
SR e o) o= o e VO v
S 1101 =19 toiees, einorscan ™ ot
Scantinie: o e =] Sesnpossef307 Bt e nciderce sle 3
o i losse)
oty it
2= coste m codot =
3
|

Apache.exe
(freeware)
CGl HTML
interface results
Zip.exe | _Datafile GnuPlot.exe
(freeware) —> “on~ | (freeware)
Zip file

LEGEND: GID_sl.exe:

m the Bragg curves
| research product (no extra work)| -
| freeware (no extra work) calculation program
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Server development: present structure

Recursive matrix
solution for reflection
from multilayers

XOH structure factor
interpolation system

planes searches

ready
needs interface layer

 task to be solved
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Server development: future plans

Recursive matrix
solution for reflection
from multilayers

XOH structure factor
interpolation system

planes searches

GIDP_sl MGDS_sl
X-ray Bragg diffraction Scatterinig from Scattering from
standing waves in ML | | lattice defects in ML Magnetic roughness

ready
needs interface layer

 task to be solved
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Server development: fitting vs. automation — |

¥-rays: * Wavelength(l) f { Energy(keV) = |1.540562

Crystal: |5iC-4H =] @ IXDh data (0.5-2.54) |

Bragyg BReflection: ID— ID— IT Substrate daf’a=ID.

Geometry specified bhy: Iangle of Bragg planes to surface ['+' for gl->gh) LI i Value:ID.

» Line=| Cu-Kal = l "’é‘J Folarizat ion=| Hixed vl
Sigma=|0. & TJID=|1. [Jh=|1.

Idegr. ;I

Scan: from I—l‘lDDD to |+QDDD. Isec. ;I Scan points:l‘ml Invert axis: | Plot argu.ment,:l incidence angle LI
Approximations: alpha_max=|1.E+8 * | xh| ?
[~ watch Progress Submit Query | [single click, please!)

£ H Availabhle codes:

Top.layer profile (opkional): o] oot
period= —
iB= SiEnEe EegEs EEElss . e EEEiEEs . mEs EEElsEs EE=sEE s e = R = = D sl =T =T = AL e
end period LHES
£=300 da‘a = 0.00045 wh= 0.971610767 - iilg
£=800 da/a = 0.00045128 wh= 0.97153615

alpha-Fe
£=800 da/fa = 0.00045128 wh= 0.97153615 115h
£=300 dafa = 0.00043512 wh= 0.971312334 L1703 =
£=800 dafa = 0.0004564 wh= 0.37123774
£=800 dafa = 0.00049024 wh= 0.971013993 LI_I »
£=300 dafa = 0.00045403 wh= 0.970790297 [?] Hon-crystals:
£=800 dafa = 0.0004992Z wh= 0.97049211%& h1203 -
£=800 dafa = 0.0005056 wh= 0.970119519 E4C
£=300 dafa = 0.000513238 wh= 0.989672591 EBed
£=800 dafa = 0.0005222Z4 wh= 0.969151435 EM
£=800 dafa = 0.00053376 wh= 0.965451759 CrzQ3
£=300 da‘a = 0.00054656 wh= 0.96773323 Csl
£=800 da/a = 0.0005632 wh= 0.96677Z57Z Fluorite ¥
£=800 dafa = 0.00058112 wh= 0.965733657 4| | »
£=300 da‘a = 0.0006016 wh= 0.964547692 [?] Elements:
£=800 dafa = 0.00062336 wh= 0.983289201 — i
£=800 da/fa = 0.00065536 wh= 0.95144146 ie o
£=300 dafa = 0.000658603 wh= 0.959670963 ig
t=800 da/a = 0.0007168 wh= 0.957903727 -
£=800 dafa = 0.0007616 wh= 0.955332339 LI dm

8 Ar

A=
Submit Query | [Zame "Submit™ action as sbove; single click, please!) it

JAT] j

Providing fitting for general
case is non-practical:

Too many parameters!

The form at the left is a
typical material science
application submitted from
univ-poitiers.fr. The profile
contains 72 lines, i.e. more
than 200 parameters.

Argonne3
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Server development: fitting vs. automation - li

#!/usr/bin/perl -W

use LWFP::Simplef # World-Wide Web Iibrary for Perl (Ilibwww-perl)

my $file = "example.dat";

my (SEl,$E2) = (10,12); # start and end energy

my sn = 3¢ # number of pts (please stay within a few dozen!)
my $JE = ($E2-$El1)/ (8n-1);

my Surl = “http://sergey.gmca.aps.anl.gov/cgl/X0h form.exe™;

my Sxway = 2f # 1 — wavelength, 2 - energy, 3 - line type

my Swave = 0; # works with xway=2 or xway=3

my $line = **°; # works with xway=3 only

my Scoway = 0; # O=crystal, l=other material, Z=chemicalformula
my Scode = ‘Germanium’; # works with coway=0 only

my Samor = i # works with coway=1 only

my $chem = " °; # works with coway=Z only

my Srho = '‘'; # works with coway=2 only

my ($il,$iz,$i3) = (0, 0, 0); #Miller indices

my Sdfldfz = 0; # DB Option for dispersion corrections:

my Smodeout = 1 # 0 — html out, 1 - guasy—text cut with keywords
my Sdetail = 0f # 0 — don't print coords, 1 = print coords

open (DAT,">»", $file) || die "Can't open ${file}in";

print DAT "#Energy, xr0, X10%n"s

for (my Si=0; $i<sn; sSi++) |
Swave = SEl + SAE * £1i;

# Energy lIoop

my Saddr="8{url}?iway==%{xway}iwave=§{waveldiline=£{line}btcoway=%5{coway}"

"koode=8{code}tamor=:s{amor } &chen=%{ chem}&rho=%{rho} ™.
“811=8{11}612=8{12)613=8{13)6Ar1Af2=¢ {drlarz}".
"Emodeout=8{modeout } bdetail=8{detail }";
my Spbuffer = get($addr); #Regquest XOh data from WWW
my @content = gplit /\n/, Sbufier; # split page into Iines
my ®Sncon = $¥content + 1 # number of Iines on page
print DRT ~ g{wave},";
for (my $J=0f $j<sncon; $Jj++) | # Ioop over page I1ines
my $x = Scontent[$]]; chop $xf #atrip LF/CR
if { $x =~ m/xXr0=/ ) {$x =~ g/~.*xr0=//g; print DAT "
ir ( $x =~ m/xi0=/ ) {$xX =~ 5/"~.*xi0=//g7 print DT "
}
}

5{x},"r}
S{x}wn"i }

Perhaps a more productive idea than
online fitting is to provide tools to grab
data by a fitting procedure running at a
remote computer:

X-Ray

- More flexibility
client

- No need to reprogram

. theory at user’s side
Fitting loop

Example script provided on the server to request |¢Energy,
& save y, and y, as a function of X-ray energy

i L0 T C
xri, w1 rv
10, -0.18163E-04, 0.35103E-06 = e
11, -0.13836E-04, 0.24208E-06 calculation
12, -0.12809E-04, 0.14516E-05
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Some X-ray Server statistics

130,000 :
120000 T TotalE calculations ?t X-ray Servger ________ .
110,000 oo TSSO S T f

100,000 - ‘ dNUT)?edr of Ca|02U|ati0nS I ........................... .............................. 712005

90,000 - - e_ — yearg --------------------------- = 109,000-

80,000 o T S A / ................
1

70,000
60,000 - : :
50,000 - A
40,000 : |
30,000 -
20,000
10,000
0 = ' T ' T ' T ' T
7/1997 7/1999 7/2001 7/2003 7/2005
Date

Total number of calculations
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Some X-ray Server statistics (continued)

# of calculations # of calculations

0 5000 10000 15000 20000 25000 30000 35000 0 10002000 3000 4000 5000 6000 7000 8000

.us desy
.de
spring8
countriesl synchrotronsl
aps
Jp nsls
0 1000 2000 9000 0 1000 2000 3000 4000 5000
I ucsd.edu univ-poities.fr

uh.edu crys.ras.ru

|US universitiesl

tamu.edu kfa-juelich.de

uni-essen.de | foreign
research

wisc.edu

columbia.edu uni-linz.at

monash-edu.au
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